This paper provides the first empirical evidence for Mexico about relative wage dif ferences between college-educated and high-school-educated workers across five-year age groups. Rotating panel surveys are used to implement an imperfect substitution model for similar male workers between dif ferent age groups and between the two education groups. For the period 2005-2012, the results suggest a partial elasticity of substitution of 1.7 for college-and high-school-educated workers and a partial elasticity of substitution of about 3 across age groups. Remarkably, the wage gap between younger and older workers with the same education level increased after the economic crisis of 2008.
Introduction
Human capital theory proposes that education improves labor force productivity by imparting useful knowledge and skills. Over the past 40 years, many studies have examined rising rates of returns to education. Most of these studies have shown that schooling is a key factor in explaining wage gaps among individuals. On the other hand, in developed and some developing countries, average schooling has been increasing steadily over time, resulting in an expanded rise in salaries and a substantial narrowing of the wage gap. A second phenomenon of interest is the aging of the population, mainly occurring in developed countries, and more recently in some developing countries. In these countries there will be a higher absolute number of elderly people, who will make up a larger share of the population and have longer healthy life expectancies, and there will be a relatively lower number of working-age people.
The Mexican case is particularly interesting in this context for several reasons. First, Mexico's labor structure has undergone various political, economic, and demographic changes, af fecting both increases in schooling and growth in the elderly population over the past three decades. Second, wage inequality trends have been substantially dif ferent than those observed in other developing countries (Tello and Ramos, 2012) . According to the Mexican Population and Housing Census, the average number of years of education in the labor force has strongly increased, from 3.4 years in 1970 to 7.5 years in 2000, and this growth trend has continued, reaching 8.8 years of education in 2010. In addition, the country has seen an increase in the average age, from 22 years in 2000 to 26.7 years in 2010. Like many parts of the world, Mexico has witnessed a growth in the proportion of its elderly population compared to all other age groups.
Both demographic (aging) and economic (schooling) ef fects imply relative changes in the labor supply, with possible strong variations in returns to education between age groups. Growth in the pool of young, highly educated workers has resulted in an increase in the country's labor supply. Likewise, it is possible that the gap in average earnings between less-educated and highly educated workers narrows if labor demand is unchanged. This long-term phenomenon raises several questions about the future development of wage and employment structures by age groups. The issue is relevant for dif ferent economic topics, such as social security actuarial calculations, increasing wage inequality, age-related government transfers, pensions, health care, and labor market reforms.
There is a large literature on education's ef fect on earnings in Mexico, focused on factors that largely explain the wage gap between highly educated and less-educated workers resulting from changes in labor demand (e.g., Cragg and Epelbaum, 1996 , Hanson and Harrison, 1999 , Hernández, 2000 , Cañonero and Werner 2002 , and Chiquiar, 2008 . However, there is no empirical evidence on this ef fect according to dif ferent age groups of workers. Hence, the objective of this paper is to test whether the increase over the last decade in the number of male college graduates has led to downward pressure on the college wage premium. Furthermore, it seeks to determine whether the increase in relative supplies could possibly lead to a narrowing of the wage gap between college-educated male workers and male workers who possess only a high school diploma.
Because female labor-market participation in developing countries is the result of an underlying choice process based on utility maximization (Becker, 1965) and the modeling requires appropriate statistical methods to control self-selection bias, this study is limited to male workers. Following the econometric methodology proposed by Card and Lemieux (2001) and using rotating panel data from 2005 to 2012, I present the partial elasticity of substitution between college and high school workers and between dif ferent age groups. Since empirical evidence suggests that younger workers cannot easily replace older workers (Rones, 1983 , Hairault et al., 2007 , Bia et al., 2009 , or Kalwij et al., 2010 , I use an imperfect substitution model for similar male workers between dif ferent age groups. In addition, I estimate not only the elasticity of substitution between younger and older male workers but also the elasticity of substitution of workers with a college degree and those with only a high school diploma. In developing countries such as Mexico, estimation of the education wage premium by age groups and its elasticity is important for determining the allocation of public spending on educational policies, which should be oriented toward educational improvement and raising worker productivity.
The model represents a competitive equilibrium from the firm side, where entrepreneurs select the amount of labor required to maximize profits. The estimation results indicate that there is a large elasticity substitution (about 3) between male workers with different levels of education, which could be interpreted to mean that college-and high-school-educated workers are considered easily interchangeable by employers. Furthermore, the small value of the estimated parameteraround 1.7-between the two education groups suggests that young and old workers are considered dif ferent by employers and therefore they are far from perfect substitutes. This result is very important because it suggests that in the current Mexican labor market it is easier to substitute skilled workers with unskilled workers than to replace older workers with a younger labor force.
The remainder of this paper is organized as follows. Section 2 provides a review of the related literature, while Section 3 outlines the theoretical framework. Section 4 presents a characterization of the estimation strategy and the dataset description. The results and some discussion are presented in Section 5, while Section 6 contains concluding remarks.
Literature review
Changes in labor supply and demand have no specific ef fect on relative wages, particularly between skilled and unskilled workers. Katz and Murphy's (1992) seminal work on movements in the college wage premium from 1963 to 1987 in the United States concludes that the premium appears to be strongly related to fluctuations in the growth rate of the supply of college graduates. Understanding these relationships is very important for economic development since labor supply af fects the environment in which the labor market functions.
In general, we note that the wage gap in Mexico has been widely discussed, especially during the 1980s and the first half of the 1990s. It is generally agreed that the wage gap between college-educated male workers and those with only a high school diploma is due to changes in labor demand, which are explained using two dif ferent approaches: trade liberalization and technological change.
In relation to trade liberalization, changes have occurred as a result of employers' strategies to reward the qualifications of their employees in order to increase their international competitiveness. In regard to technological change, reduction of trade barriers and the rise in foreign direct investment have led to increased use of technology, which in turn has driven demand for skilled workers to complement the technology. As a result, the relative productivity of skilled workers, mainly those with college and advanced degrees, has been increased by such technological changes.
Following the focus on trade liberalization, in the view of Zepeda and Ghiara (1999) the trade reforms that took place in Mexico between 1986 and 1990 were accompanied by important wage gaps between skilled and unskilled workers. Applying a quantile regression to estimate the conditional distribution of income, Zamudio (2001) finds that between 1984 and 1996 the distribution of income depends to a large extent on education. Cañonero and Werner (2002) study the widening of wage dif ferentials for skilled and unskilled workers after Mexico's entry into the General Agreement on Tarif fs and Trade (GATT) and find that the average relative wage of an unskilled worker had decreased by more than 20% by the end of 1990. In a similar context, Hanson (2003) focuses on policy reforms initiated during the 1990s, finding a significant rise in demand for skilled workers in the country and concluding that the policies reduced profits in industries that paid their workers high wages prior to the reform and raised the premium paid to workers in states along the U.S. border. Airola and Juhn (2008) argue that trade liberalization per se did not widen wage differentials in the region. Finally, in the view of Chiquiar (2008) , in the period following implementation of the North American Free Trade Agreement (NAFTA), the wage premium for high-skilled workers increased in what he calls the "second stage of globalization in Mexico."
Following the second approach, Hanson and Harrison (1995, 1999) suggest that the rising wage gap during the 1980s was associated with changes internal to industries and even internal to plants. Cragg and Epelbaum (1996) report significant changes in returns to specific occupations, in particular professionals and managers, but they believe that rising inequality in the early 1990s is largely due to trade liberalization reforms. In a similar study, Meza (1999) concludes that if the skills premium had not risen over the [1988] [1989] [1990] [1991] [1992] [1993] period, the wage distribution would be improved. Finally, Hernández (2000) points out that technological changes associated with trade liberalization have promoted an incipient territorial decentralization focused on the U.S. border and the periphery of Mexico City.
Among more recent studies, Huesca (2004) finds that workers with high school and college education show higher returns to schooling because of an upward trend in demand for skilled workers. Lopez (2006) notes that the Mexican population is becoming more educated. The author shows how years of schooling have increasing over the 1960-1990 period, growing from 2.76 years in 1960 to 6.72 years in 1990, a dif ference of nearly four years. According to Ampudia (2007) , trade liberalization and international markets increased demand for skilled labor, which in turn generated higher education wage premiums. For workers with a college degree, the education premium has been shown to be cyclical in times of recession.
Although there is extensive literature documenting the role of educational level on the wage gap in Mexico, most previous studies have focused on average returns to schooling rather than dif ferences by age or cohort. While the rise in the average wage gap between college and high school workers has been briefly documented, the fact that the increases have varied among dif ferent age groups is not as well understood.
These studies analyze the evolution of returns to schooling under the assumption that dif ferent age groups with the same level of education are perfect substitutes in production processes. This assumption implies that the aggregate supply of each type of education can be obtained by simply adding the total number of workers in each education category, such that all education-related wage dif ferentials in the labor market in any given year are proportional to the average college-high school wage gap that year.
An analysis of the evolution of wage dif ferentials by age groups was presented for the first time in Card and Lemieux (2001) . The authors extend the model proposed by Katz and Murphy (1992) in order to allow imperfect substitution between workers of dif ferent ages for the U.S., the United Kingdom, and Canada. In the study, the authors point out that shifts in the college-high school wage gap for younger men in the U.S. reflect changes in the relative supply of highly educated workers across age groups. In their estimation of the elasticity of substitution of age groups with the same education level, they find elasticity close to 5 between dif ferent age groups in the U.S., while the elasticity of substitution between college graduates and high school graduates ranges from 1.1 to 2.5, with similar results for both the U.K. and Canada.
Roger and Wasmer (2009) describe the importance of controlling for age and skill heterogeneity to explain labor productivity. Within this framework, some recent studies have continued the line of imperfect substitution of workers between dif ferent age groups. Ferreira (2004) tests the existence of a causal relationship between the evolution of the college-educated labor supply and the behavior of the college premium in Brazil by decomposing the relative supply of college-educated workers into two components: an age-specific component and a cohort-specific component. The author's main results suggest that the parameter for elasticity of substitution between dif ferent age groups is similar to the U.S., while the elasticity of substitution between two education groups is less than 2. Some implications of this result are outlined in Prskawetz et al. (2012) , who introduce a model of optimal education policy at the macro level allowing for heterogeneity of the workforce with respect to its age and skills. Their estimations suggest that the relationship between the elasticity of substitution of labor across age groups plays a crucial role in the way demographic changes af fect the optimal educational policy.
Background
This work follows the two-step estimation method introduced by Card and Lemieux (2001) . The theoretical model has a production function that uses labor as the sole input. In this simple model, the input can be skilled (college graduates) or unskilled (high school graduates) combined under a CES technology. The aggregate output depends on two CES sub-aggregates of high school and college workers:
where H t and C t are the total supply of high school and college labor in period t, and η ∈ (−∞,1] is a function of the partial elasticity of substitution, σ A , between dif ferent age groups j with the same level of education (η = 1 − 1/σ A ). The α j and β j coef ficients are relative ef ficiency parameters that vary over time. Perfect substitutability across age groups necessarily implies that η = 1. Therefore, total college or high school labor input is simply a weighted sum of the quantity of labor supplied by each group. In this work, the total supply of each type of work in each year is measured as the sum of the average weekly hours worked by members of the dif ferent education categories.
The model assumes an aggregate CES production function
, where y t is the total output in period t, and ρ ∈ (−∞,1] is a function of the elasticity of substitution σ E between the two education groups (ρ = 1 − 1/σ E ). θ ct and θ ht are college and high-school productivity terms.
Under this specification, the marginal product of labor for a given age-education group depends on both the group's own supply of labor and the aggregate supply of labor in its education category. Formally, we have the following:
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Similarly, the marginal product of college
Additionally, ef ficient utilization of dif ferent skill groups requires that relative wages are equal to relative marginal products:
From equations (4) and (5) it is possible to infer that the ratio of the wage rate of skilled workers in age group j, w j C t , to the wage rate of unskilled workers in the same age group, w j H t , satisfies:
If relative employment ratios are taken as exogenous 1 , Equation (6) leads to a simple model for the observed college-high school wage gap in age group j in period t:
where e jt is the sampling variation in the measured gap and/or any other sources of variation in age-specific wage premiums.
The model represents a competitive equilibrium from the firm side, where entrepreneurs choose the amount of labor required to maximize profits. The equilibrium wage for the perfectly competitive market industry is computed by allowing imperfect substitution between workers of dif ferent ages.
As a result, the model specification represents a firm's production equilibrium. General equilibrium analysis deals explicitly with the 1. Total supply of high school and college labor in each period can be varied exogenously as a part of a scenario, e.g., simulating the ef fects of increasing participation of certain population groups. However, they do not respond endogenously to variations in other parameters such as the productivity or wage rate of college workers in each age group. In the case of Mexico, due to the ef fects of GATT and NAFTA on the economy, this can be assumed since input prices and technology can be more closely linked to tarif f changes (Robertson, 2004) .
interdependence of households and firms as mediated by markets. With only one production factor it is particularly easy to illustrate production equilibrium. However, the model could be extended by adding other inputs such as capital. Also, within the problem statement it must be clear that the results are valid only in a perfectly competitive equilibrium scenario. Therefore, the model is not applicable to imperfect markets with monopoly or oligopoly labor demand (e.g., monopsony or oligopsony). Finally, Equation (7) becomes the equation to estimate. Note that the assumption of employment ratios as exogenous becomes essential for the results; otherwise, the weighted least squares of elasticity of substitution will have a positive basis.
Estimation
The empirical analysis is based on data extracted from the National Survey of Occupation and Employment (ENOE). These datasets are collected by the National Institute of Statistics and Geography of Mexico (INEGI) and are the basis for of ficial employment statistics. The datasets are based on household surveys conducted on a quarterly basis, the main objective of which are to obtain information about demographic and economic characteristics of employment. The surveys are designed as panel data with overlapping blocks of observations that are renewed after being followed up over five consecutive quarters. This data is representative of the whole country, each of the 32 states, and urban and rural areas.
I analyze datasets from the first quarter of 2005 through the fourth quarter of 2012. These rotating panel data are used to derive labor market conditions for male workers ages 25-59 with either a high school diploma or a college degree. In addition, an important dif ference from previous studies is that I consider full-time workers (those working 48 hours or more per week) as well as part-time workers (those working between 48 and 96 hours per week).
For reasons related to analysis and interpretation, the strategy consists of estimating panels by following the individuals from the first through the fourth quarter of each year. This technique allows the estimation of robust coef ficients, increasing the degrees of freedom and reducing collinearity among the explanatory variables. In general, panel data sets possess major advantages over conventional cross-sectional data sets. The data set in question consists of eight panels, each one made up of individuals who are interviewed in each of the four quarters of the year. The top and bottom 1% of the log real hourly wage, using 2010 as the base year, were dropped in order to avoid atypical values.
For a general overview of the ef fect of a college education on wages, I first estimate the college wage premium for each year t with no distinctions between age groups, formally:
where w iq contains the hourly wage of individual i in quarter q, q ∈ {1,2,3,4}. ζ denotes the coef ficient vector, matrix X contains the regressors used to explain the dependent variable, and v is a residual assumed to be N(0,σ 2 ). Because schooling cannot change in each quarter, v iq = u i + μ iq and the model becomes a generalized least squares 2 . The regressor matrix X contains information about age and its quadratic, a married category dummy variable, six economic activity dummies, five regional dummies, and a dummy variable for college degree. The proposed model specification is based on previous studies of Mexico described in Section 2. Although Equation (8) is not directly related to the estimation of Equation (7), it is a useful first approach to understanding the college premium. The assumption behind Equation (8) is that dif ferent age groups with the same level of education (college or high school) are perfect substitutes in production.
However, in order to capture the college wage premium within age groups, for each year t I estimate separate regressions for each fiveyear age group, j:
In Equation (9), the college degree dummy variable contained in matrix X measures the college wage premium by five-year age groups. Secondly, we compute Equation (7) using the estimated college premium from Equation (9), but there is a problem because the aggregate supplies of the two education groups depend on the elasticity of substitution across 2. The critical assumption when using random ef fects is that regressors are not endogenous. When the assumption of zero conditional mean of the error term given the regressors is not satisfied, the estimators will be inconsistent. This can be corrected by using instrumental variables estimation to find a variable correlated with wages but not with the error term. Further work is required to test endogeneity and instrumental variables regression should be used if the problem is detected. age groups. Card and Lemieux (2001) suggest a two-step estimation procedure to identify both σ A and σ E .
The first stage of the two-step estimation consists of estimating σ A from a regression of age-group-specific college wage gaps on age-groupspecific relative supplies of college educated labor, cohort ef fects, and time ef fects:
where b t-j are cohort dummies and d t are time dummies. Supplies C jt and H jt for each age group j in year t are computed by:
where s, s ∈ {C,H}, denotes the category that the calculation is carried out for, ϕ is the sum of the average weekly hours worked by male workers in the dataset, and δ contains the sum of the average weekly hours worked by the dif ferent education categories, k. When s = H, k ∈ {less than high school, incomplete college}, for s = C, k ∈ {higher than college}. Finally, τ̂ is the estimated wage gap between k-workers with respect to s-workers, and the coef ficient is used as a weight for δ. The parameter τ̂ is estimated three times for each year, depending on k, and the explanatory variables considered in the model are a seconddegree polynomial for age, a dummy variable for marital status, six economic activity dummies, five regional dummies, and educational level dummies according to k. Note that in Equation (11) τ̂ does not depend on age group j, however further studies could provide more insight into this issue. Equation (11) attempts to take into account dif ferences in the ef fective supply of labor by dif ferent groups. Card and Lemieux (2001) and Ferreira (2004) adopt a similar procedure. The dif ference is that Ferreira (2004) is unable to identify college dropouts in order to determine the respective labor ef ficiency, and therefore they are considered college-educated workers.
In the second stage of the two-step estimation procedure, given an estimate of 1/σ A , the relative ef ficiency parameters α jt and β jt are computed since equations (4) and (5) are equivalent to estimating:
The terms on the left are computed using a first-step estimate of 1/σ A , while the terms on the right are estimated using a set of time dummies and cohort dummies. Thus, given estimates of α jt , β jt and η, it is possible to construct estimates of aggregate supply of college-educated and high-school-educated labor in each year. According to Card and Lemieux (2001) , since the sampling variances of the estimated r jt 's are known, it is straightforward to construct goodness-of-fit tests for the null hypothesis of no specification error, depending on the included ef fects. Finally, the model could be estimated by weighted least squares, where the dependent variable is the college-high school wage gap for each age group. The weights are the inverse of the sampling variance of the estimated wage gaps. This procedure is used to account for samplegenerated heteroscedasticity, and the estimates of the coef ficient errors are corrected for the various problems inherent in the two-stage method. Table 1 presents the summary statistics for key variables for individuals from the data used in the analysis. In the eight periods, most of the variables listed are very similar. As expected, average schooling increased from 9.46 years in 2005 to 10.28 years in 2012; growth in schooling as an investment in human capital has been one of Mexico's most impressive achievements 3 . The most significant growth was recorded for the group of high-school-educated workers, which jumped from 35 to 41% during the period. On the other hand, the small share of college-educated workers grew by just 1 percentage point, from 22 to 23%. The standard deviation for high-school-educated male workers is around 0.5, while for college-graduates it is around 0.4. These large values for standard deviations indicate the possible existence of heteroscedasticity. In addition, we see incipient growth of the average real log hourly wage. Figure 1 provides the historical proportion of male workers with a college degree in the sample, capturing varying perspectives across individuals and settings. Although Mexico currently has a broad and diverse system of higher education that includes public and private institutions such as universities, technological institutes, technological universities, polytechnic universities, teachers' colleges, research centers, and specialized education centers, the percentage of workers with college degrees is less than 25.
Results
Each column of Table 2 contains the estimated coef ficients of Equation (8) for men aged 25-59. Following Card and Lemieux (2001) and Ferreira (2004) , only men with a high school diploma and men with a college degree are considered. The random ef fect procedure is appropriate according to the Breusch-Pagan Lagrange multiplier test, suggesting its use instead of pooled regression. In addition, F-and Hausman test results favor random ef fects over fixed ef fects 4 . The models for each year include a second-degree polynomial for age, marital status, six economic activity Table 1. dummies, and five regional dummies 5 . The results are in agreement with previous studies (Hanson, 2003 or Varela, 2010 ; as is well known, the log mean wage dif ference between college and high school workers is around 0.5. Tables A1 and A2 in the appendix show alternative specifications that include, separately, controls for type of occupation and employment position. Table A3 includes both types of controls simultaneously. The wage-gap dif ferences across dif ferent models are significant: about 0.4 and 0.5. In principle, all four specifications capture the strong ef fect of having a college degree on wages, so the explanatory variables shown in Table 1 will be those used in the subsequent models.
The estimated college premium remains almost constant over time; Table 3 presents the estimated college wage premiums for five-year age groups using Equation (9). All estimations are based on the mean log average real hourly wage between men with a college degree and those with only a high school diploma. They are estimated in separate regression models for each cohort in each year, including the age term and its quadratic, marital status, economic activity dummies, and regional dummies.
5. The economic activity dummies were selected based on the ENOE questionnaire, where a1 = Construction; a2 = Manufacturing; a3 = Trade; a4 = Services; a5 = Other activities and a6 = Agricultural. The regionalization corresponds to that used by the Presidency since 2002, where R1 = Baja California, Baja California Sur, Sonora, and Sinaloa; R2 = Chihuahua, Coahuila, Durango, Tamaulipas, and Nuevo León; R3 = Aguascalientes, Colima, Guanajuato, Jalisco, Michoacán, Nayarit, Querétaro, San Luis Potosí, and Zacatecas; R4 = Distrito Federal, Hidalgo, México, Morelos, Puebla, and Tlaxcala; and R5 = Campeche, Chiapas, Guerrero, Oaxaca, Quintana Roo, Tabasco, Veracruz, and Yucatán. According to standard human capital theory, this dif ferential increases steadily with age, but conventional models ignore dif ferences in the age distribution of educational attainment. Unlike the results found in Table 2 , the decomposition of age groups reveals the dif ference in wages between younger and older male workers. In general, the results support the standard statement of Mincer's (1974) equation : Older people have greater returns. Another important result is that by substituting age and its square for five-year age group dummies in a model such as in Table 2 , it is possible to perform the Wald test.
The results 6 indicate that the estimated coef ficients of younger men (aged 25-29) in relation to older workers (aged 45-49, 50-54, and 55-59) are statistically dif ferent. In other words, it is necessary to dig deeper into the phenomenon by considering its relative supplies. Figure 2 plots the college-high school wage gap for younger and older groups over the period analyzed. The overall patterns for the college premium for men aged 25-29 and 45-49 are very similar across years, but it appears that the evolution of the college premium for younger and older workers has tended to diverge since the financial and economic crisis of 2008. Once again, these results underscore the importance of studying dif ferentials in the college premium among cohort groups. By examining the wage gaps for older workers aged 50-54 and 55-59, it is possible to infer that the dif ference has remained practically constant, with slight decreases toward the end of 2012. The employment stability earned by members of this age group may be a potential explanatory factor.
The more relevant change revealed by Figure 2 is the growing trend in the wage dif ferential in the group of male workers aged 45-49. Conversely, the college premium among younger workers seems to have declined; it is important to highlight the fact that the financial crisis has had a particularly adverse ef fect on younger workers in Mexico (Villarreal, 2010) . The importance of this lies in the fact that on the one hand, in the short term younger people have an incentive not to continue to higher levels of education. On the other hand, if young people decide to invest in higher levels of education, the main ef fect on the college premium will be observed in the long term.
To understand this change, we need to be aware not only of the gap between workers with the same education and dif ferent ages, but also of Table 3. the composition of the relative supplies. Using Equation (11) 7 , we can compute the average weekly hours worked by men aged 25-59 with any level of education; the results are contained in Table 4 . According to the notation, C jt corresponds to the number of hours per week worked by college graduates by age group j in year t including postgraduate workers, weighted by their wage gap. Likewise, H jt is the total number of weekly hours worked by the labor force with incomplete college or less education, weighted by wage dif ferentials.
The estimation of the relative supply of workers with a college degree shows an important growth trend in young workers, with an increase from 0.3 to 0.4 in less than a decade. This ratio may be explained because returns to education in Mexico are substantial and higher than those estimated for developed countries (see Psacharopoulos, et al. (1996) , Patrinos (2004), or Canton (2007) for details), whereas the natural laws of supply and demand would typically 7. The procedure is to compute Equation (11) estimating τt s k in separate regressions depending on s. A total of 24 panel data models are used to construct Table 4 , taking into account dif ferences in the ef fective supply of skilled and low-skilled workers. The results are not reported but are available from the author upon request. yield a decrease in the college premium. Even more notably, the trend for the estimated supplies of older workers has a dif ferentiated ef fect on the college premium. Individuals aged 45-49 recorded a decrease of around 4%, while conversely, individuals aged 50-54 and 55-59 increased their participation. In general, the results contained in tables 3 and 4 show a surprisingly mixed ef fect on wage dif ferentials and relative supplies. Figure 3 shows the behavior of relative supplies for each age group of interest. In all cases, with the exception of specific years for workers aged 45-49, the relative supply of the younger group is higher than the relative supply of older groups. One possible reason for this large dif ference is strongly suggested by the weighting parameter τ̂ in Equation (11). As previous work (Zepeda and Ghiara, 1999 , Zamudio, 2001 , Cañonero and Werner, 2002 , and Hanson, 2003 has suggested, the recent increase in inequality in the income distribution is largely due to education. Thus, after trade liberalization occurred, the average relative wage of unskilled workers decreased and then, the ef fective supply may have been reduced for older cohorts.
Within this framework, the increase in the college-high school wage gap in workers aged 45-49 is attributable to steadily rising relative demand for college-educated labor, coupled with a dramatic slowdown in the rate of growth of the relative supply of college-educated workers. Card and Lemieux (2001) and Ferreira (2004) find similar behavior for groups of younger workers, but in the case of Mexico, younger workers are the segment of the population that is most af fected, with unemployment rates twice as high as those of older adults. Furthermore, better-educated professionals have the highest unemployment rate (Villarreal, 2010) .
The final step is to estimate two parameters of interest: the elasticity of substitution between the two education groups and the elasticity of substitution between dif ferent age groups. Using Equation (7) I establish the cohort born in 1956-1960 (aged 45-49) as the control group, hence the results presented correspond to dif ferences with regard to older workers. The model presented in Table 5 suggests that a 1% increase in the relative supply of college labor causes a decrease of 0.33 percentage points in the college-high school wage dif ferential, in the absence of non-neutral technology changes. Also, a 1% increase in the age-specific relative supply of college labor decreases the college premium by 0.6 percentage points, for that particular age group.
The empirical evidence provides an estimated elasticity of substitution between dif ferent age groups of around 1.7, while the parameter for the two education groups is about 3. We note that this specification does not seem to capture the annual wage gap (year ef fect) that would have, on average, increased in the absence of the age/cohort productivity factor and changes in supply according to educational level. In fact, the coef ficients are not statistically dif ferent from 0 because the yearly dummies cannot capture technology shocks, which would require a long time-series sample and five-year interval dummies. As a general rule, the elasticity of substitution captures the percentage change in relative demand for the two factors due to the change in relative factor prices at constant output. Also, the parameter of substitution between college and high school labor influences the impact of schooling on the education wage premium. In the traditional sense, the reduction is larger if the elasticity is low; i.e., they are far from perfect substitutes. Similar studies for U.S, the U.K. and Canada (Card and Lemieux, 2001 ) and for Brazil (Ferreira, 2004) suggest that the elasticity of substitution between dif ferent age groups is 4.4. At the same time, the elasticity of substitution between college and high school labor types is about 2.5, and less than 2 in the case of Brazil. Nevertheless, these studies have analyzed long time-series data sets: 1959-1995 for the U.S., the U. Canada, and 1976-1998 for Brazil. In marked contrast, this study of Mexico is focused on the short term, taking advantage of quarterly datasets. The results in Table 5 indicate that the two education groups are more easily substituted in Mexico than in other countries. In contrast, the substitution of workers between dif ferent age groups seems to be more complicated, based on the small estimated value for the elasticity of substitution.
This finding could be explained by the structural change occurring in Mexico's labor market. According to the literature review, empirical studies for Mexico have concluded that the wage gap between the two education groups has tended to widen with trade liberalization. The intuition behind previous studies is that employers reward skilled workers with an important college wage premium, making them hard to substitute. However, the combination in recent years of a high unemployment rate for skilled workers, slow economic growth, and the negative ef fects of the financial crisis could potentially explain this result.
Concluding remarks
This paper has introduced the first evidence in Mexico of the estimated evolution of the college wage gap by age groups, controlling for the relative supply of college graduate workers. Following the econometric methodology proposed by Card and Lemieux (2001) and using rotating panel data from 2005 to 2012, I present the partial elasticity of substitution between college and high school workers and across age groups. The results of the estimation indicate the existence of a large elasticity substitution (around 3) between male workers with different levels of education, which could mean that college-and high-school-educated workers are considered easily substitutable by employers. Furthermore, the small value of the estimated parameter (around 1.7) between the two education groups suggests that younger and older workers are viewed as dif ferent by employers and they are far from perfect substitutes. This result is very important because it suggests that in the current Mexican labor market it is easier to substitute skilled workers with unskilled workers rather than replace older workers with a younger labor force.
Overall, the model presents a negative and significant effect on the college premium for cohort variations in relative supply. This study highlights a decreasing trend in the college wage gap for younger workers (aged 25-29) combined with an increasing trend in the wage gap for older workers (aged 45-49). On the other hand, the behavior of the college premium for the oldest groups (aged 50-54 and 55-59) describes a constant trend in the wage gap.
The overall patterns for the college premium for men aged 25-29 and 45-49 are very similar across years but it appears that the evolution of the college premium for younger and older workers has tended to diverge after the financial and economic crisis of 2008. This underscores the need for wage gap studies in Mexico to consider the specific composition of workers by age group. According to this model, valid in a scenario of perfectly competitive equilibrium, the recent downward trend in the college premium for younger men depends mainly on the age ef fect. Although the results imply imperfect substitution between skilled and unskilled labor, it seems that in the case of Mexico, in contrast with the U.S., the U.K, Canada or Brazil, there is a small elasticity of substitution between the two age groups. An important implication of this finding is that, because of the aging of the population and increased levels of schooling, younger, educated workers are the segment of the population that is most af fected.
The demographic and schooling transformation now underway in Mexico has the potential to both help and hinder its overall economic development agenda. Modifications of Mexico's Federal Labor Law enacted in 2012 brought important changes from an employer's perspective. One of the most interesting is the expansion of the types of employment relationships that are legally allowed. In addition to the already existing contracts for an indefinite term or a specific project, the reform introduced the seasonal employment category, which allows short-term employment to cover the need for additional workforce requirements during seasonal peaks, and the temporary employment contract, which permits short-term employment to cover immediate needs. In principle, the new recruitment scheme could have a positive impact on highly educated younger workers since seasonal or temporary employment could provide them with jobs and enable them to begin gaining experience quickly.
Finally, the results imply not only imperfect substitution between older and younger men but also between skilled and unskilled men. Future studies could include more than two categories of educated workers, including for example those with incomplete high school, incomplete college, and advanced degrees, as well as an extension for women in labor markets, controlling for self-selection. Significant at 5%; robust standard errors in parentheses. Significant at 5%; robust standard errors in parentheses. Note: Significant at 5%; robust standard errors in parentheses.
